Introduction: Vitamin D deficiency during pregnancy is a public health problem and it has been associated with negative pregnancy outcomes for both mothers and infants.
Introduction
Vitamin D deficiency is a worldwide public health problem [1] . Sunlight exposure is the primary source of vitamin D for most people, as UVB radiation (wavelength 290-320 nm) or artificial UVB light produce vitamin D3 in the skin [2] . Only 10% of vitamin D is obtained from the diet. Unfortunately, vitamin D deficiency is a prevalent condition even in tropical and subtropical countries [1] . Emirati women are usually restricted to stay indoors [3] . Regardless of cultural restrictions, the weather in the United Arab Emirates (UAE) can get extremely hot, reaching temperatures of 45°C (117°F), forcing people to spend a majority of the day indoors within air conditioned buildings, especially between June and September, which is the hottest period of the year. Those who spend time indoors are not able to produce any cholecalciferol from 7-dehydrocholesterol due to the altered UVB light through the window pane [4] . This lack of availability to the outside environment may inhibit women's exposure to UVB light, which is required for the formation of the inactive form of vitamin D [5] . Furthermore, women are required to wear either a burka or head scarf once they have reached puberty, which limits the amount of sunlight that can reach the skin.
As the UAE became prosperous, a Westernized diet soon followed. Obesity is on the rise in the UAE with 33.5% of the population defined as obese (body mass index (BMI)>30 kg/m 2 ) [6] . With its high general prevalence, obesity is also common among pregnant women, which can be of great concern as vitamin D could be sequestered out of the blood and into adipose tissue mass of obese subjects because of its hydrophobic properties [7] . Little is known about the longitudinal changes of 25(OH)D during the course of gestation, but there is evidence that 25(OH)D serum concentration seem to decrease as the pregnancy continues as a more recent study showed that 31% of mother to be, were at serum concentrations of adequate at the antenatal visit, 23% after birth of the child and 17% at 6 months postpartum [8] .
Vitamin D is vital to the developing foetus and maternal vitamin D deficiency has been associated with a number of negative pregnancy outcomes, such as: low birth-weight, preterm birth, preeclampsia and surgical delivery [9] [10] [11] [12] . In the UAE, a 3rd of the nation's resources are spent on pregnancy complications that are associated with preeclampsia, Page 3_ of _22 preterm birth, low birth-weight and caesarean section due to a flat pelvis and poor growth of the placenta Journal of Pregnancy and Child Health [13] . It is estimated that 6.1% of births in the UAE are reported to be of low birth-weight (<2.5 kg) [14] .
Pregnancy is a period of severe physiological changes in maternal organ systems and adaptations in the metabolism of vitamin D to ensure calcium requirements for fetal bone mineralization [15] . However, proposed cut offs of serum 25(OH)D concentrations for optimal, deficiency and insufficient levels are still controversial. The Institute of Medicine [16] suggested the following values of <30 nmol/L (12 ng/mL), 30-50 nmol/L (12-20 ng/mL) and ≥ 50 nmol/L (≥ 20 ng/mL) for deficiency, insufficiency and Adequate, respectively. While the new clinical guidelines from the Endocrine Society recommended maintaining a serum 25(OH)D concentration ≥ 75 nmol/L (≥30 ng/mL) to maintain bone health. In the UK, the current guidelines suggest a serum concentration >25 nmol/L (12 ng/mL) as this is the current threshold used to define increased risk of rickets [17] .
Although vitamin D deficiency in the UAE is not a recent discovery, there is a lack of nationally representative data to provide an accurate picture of the problem. Previous studies have shown that in 1997, 25% of pregnant women in the UAE had 25(OH)D Concentrations lower than 10 nmol/L [18] . Previous studies with modest sample sizes had estimated that the average 25(OH)D concentrations ranges from 17.6 nmol/L [19] to 20.5 nmol/L [20] . Therefore, this study aims at estimating the prevalence of vitamin D deficiency in pregnant women in the UAE and to identify risk factors for low 25(OH)D levels in a nationally representative sample with the intention to build the foundation for a successful intervention strategy in the future.
Methods
This is a cross-sectional study conducted from 15th of February 2014 to the 11th of August 2014. Participants were recruited on the criteria that they were pregnant, willing to provide blood, and not reporting any medical conditions. There was no restriction regarding the gestational age at recruitment. Participants were recruited from their respective primary health care centres within 12 districts: Riga, Riffa, Umm Al-Quwain (UAQ), Ras Al Khaimah (RAK), Garain, Sabka, Fuj, Riqqa, Musheriff, Wasit, Hamidyia and North Hamidyia. Nurse members of the research team in each health centre invited women to participate in the study. The study was conducted according the guidelines proposed by the Helsinki Declaration. The study was approved by the Corniche Hospital Research Ethics Committee. All participants were informed about the study with a complete discussion of its purpose, benefits, and potential risks and provided written informed consent. Blood specimens were collected from participants who had not used any regular medications, or had any chronic medical conditions that might affect fetal growth. Five millilitre venous blood samples were obtained from the participants by qualified nurses. The blood samples were sent to Rashid Centre for Diabetes Laboratory in Ajman within two hours of collection and stored at -80 until analyzed. The blood specimens were analysed using the gold-standard liquid chromatography tandem mass spectrometry (LCMS/ MS) method for measurement of 25(OH)D3 status or using Liaison 25 OH vitamin D TOTAL Assay (310600) as an alternative analytical technique in Rashid centre for Diabetes-UAE. The intra-assay and inter-assay coefficients of variation were 8.3% and 3.2%, respectively. Participants with a serum 25(OH)D concentration less than 30 nmol/L (12 ng/mL) were considered to have deficiency; between 30 and 50 nmol/L as vitamin D of inadequate status and those with serum results over 50 nmol to be of adequate status [16] . All blood samples were taken in the early morning between 8 and 11 AM.
The date of recruitment was used to identify the season in which the blood sample was taken. The summer comprises the months of May to September and winter comprises the months of October to March. Even during the winter the average daytime temperature is 25°C (77°F). June to September is the hottest period of the year and it is expected that the inhabitants would avoid outdoor activities as temperatures could peak Page 5_ of _22 to 44°C (111.2°F). Therefore, for the purposes of analysis the seasons were classified into two groups: winter (from October to March) and summer (from April and August).
Due to time and resource restraints, 266 (26%) of the women were chosen randomly and followed up with either a phone call or questionnaire. The questionnaire was developed to obtain relevant information related to age (in years), Nationality (Emirate, Arabic, African, Asian, American, British or other), education level of the mother and the father, employment status, religion (Muslim, Christian, Hindu, Buddhist or other), marital status (married or divorced), whether this was the first pregnancy (primipara: yes/no), intake of dietary supplements including vitamin D, physical activity, lifestyle, and sun exposure. Sun exposure was measured by asking the participants about their outside habitual routines. The questionnaire asked participants if they exercised outside, do the participants ever walk outside and if so, how many hours do they spend walking outside during the day. Gestational age was estimated via ultrasound performed typically around the 18-20 weeks. If this data was not available, the gestational age was calculated based on the reported date of the last menstrual period.
The UAE is located at 24.4667°N, 54.3667°E and most days during the year are sunny, this could potentially either increase the production of 25(OH)D synthesized in the body or force more people indoors to avoid such an intense heat. Understanding the participant's outside regime is vital if a possible intervention strategy is going to be developed.
Statistical Analysis
The characteristics of the sample were described using means and confident intervals (95%) for continuous and normally distributed variables. Categorical variables were presented as absolute (n) and relative frequencies (%). ANOVA analysis compared the 25(OH)D serums between groups and for significance.
All available covariates/predictors that could influence serum 25(OH)D concentrations according to the previous literature were explored, such as: education, age, gestational age, religion, nationality, primipara and participation in physical activity.
These predictors were considered to be included in the model when they were associated with the dependent variables (serum 25(OH)D concentrations) in the bivariate analysis if found significant (p ≤ 0.2).
Results
A total of 1088 women were recruited from 12 districts within the UAE. The general characteristics of the sub sample (n=266) study population is presented in Table 1 . The mean serum concentration was higher than the overall cohort (27.1 nmol/l 95% CI; 25.5-38.9 nmol/L) however this was not significant (p>0.05).
The mean age of the participants was 28 (± 5.5) years old and ranged from 14 to 55 years. Gestational age at the time of testing was 18 (± 8) weeks, ranging from 1 to 37 weeks. The Majority of the participants (49%) were educated to a university level and married (99.5%). In Total, 196 of the women (74%) in the study did not work at the time of testing, and the remaining participants were employed (n=72; 26%). A majority of the participants consisted of three main nationalities: Emirati (44%), Arabic (23%) and Asian (23%). Table 1 ). ANOVA analysis showed that nationality did not affect 25(OH)D status (p=0.401). The duration of pregnancy was characterised into trimesters to determine if 25(OH)D status varied from trimester to trimester. However, duration of gestation did not show a significant effect on a participant's 25(OH)D status (p=0.93) ( Table 1 ). There was no significant difference between those who were taking a vitamin D supplement and those who did not take a vitamin D supplement (p=0.73). Out of the 266 participants, only 29 (11.6%) both understood the importance of vitamin D and took a vitamin D supplement compared to those who solely understood the importance of vitamin D (n=154). There was no significance between those who did and did not exercise outside; 26.1 and 29.6 nmol/l, respectively.
Citation:
The following variables were individually tested as potential predictors into the simple linear regression model (bivariate analyses): maternal age (years), gestational duration (trimester), nationality (Emiratee vs. non Emiratee), employment (employed vs. unemployed), Exercising outside (yes/no), primipara (yes/no, physical activity during pregnancy (yes/no), if the subject understood the importance of vitamin D (yes/no) and supplement intake of vitamin D (yes/no). 
Discussion
Vitamin D deficiency is a public health problem within the UAE as highlighted by the 69% of the women who had serum 25(OH)D results lower than 30 nmol/L where the recommended level should be between 50-125 nmol/L. It was observed that there was no seasonal variation in the prevalence of vitamin D deficiency and the mean concentrations did not vary according to gestation age with similar concentrations recorded during 1st, 2nd and 3rd trimesters.
Some of the results were inconsistent with the literature [21] [22] [23] [24] . Depending on the season, 25(OH)D has shown to vary in individuals. It may have been theorised that subjects would have adequate levels of 25(OH)D (50 nmol/L or 30 ng/L) as they live close to the equator and the sun shines for long periods, even during the winter months [25] . However, this is not seen in the present study. A factor that may have influenced women's 25(OH)D levels may be the culture within the Gulf States and their religious beliefs regarding the covering of their head and body, but also the hot environment throughout the year. Arab women located in the United States that did not follow religious procedures of head and body covering, and therefore exposed themselves to UV-B light more frequently, were found to have mean Sun exposure was not associated with vitamin D levels in this study. One of the potential explanations for these findings is that sun exposure was relatively low in this population. Another reason might be due to air pollution, as it reduces vitamin D production through UVB exposure and also prevents people from wanting to exercise outside. In a previous study involving pregnant women living in Iran, air pollution was inversely associated with 25(OH)D concentrations [28] . In UEA air pollution is high with particulate matter less than 10 µm in diameter (PM10) estimated to be 140 µg/m 3 in 2014 [29] but has increased to an alarming 185 ug/m 3 and some days reaches highs of 348 ug/m 3 [30] . This value is above the World Health Organization recommendations (<20 µg/m 3 annual average or 50 µg/m 3 hourly average concentrations) [31] .
Skin colour is also known to affect 25(OH)D status. Vitamin D concentrations are lower in those who have darker skin pigmentation, as the amount of UV-B light that can penetrate the epidermis is reduced, and the rate at which pre-vitamin D is synthesized is decreased [32] . Unfortunately, no comparisons can be made with the presented cohort as skin colour was not asked in the questionnaire.
However, ethnicity was used as a proxy measure of skin colour. People of African ethnicity who would predominately have darker skin pigmentation over people of Asian ethnicity were shown to have lower 25(OH)D concentrations.
With regards to education, 49% of women were university graduates or students. There seems to be a common trend among educated women within the UAE having 25(OH)D deficiency. In an earlier study [33] , women of higher education were found to have vitamin D serums of insufficient status during the winter months 31.3 ± 12.3 nmol/L. While in the summer, 25(OH)D fell to 20.9 ± 14.9 nmol/L. According to the authors the summer season and the commitments of university might have prevented outside activity and the exposure of skin to UV-B light [34, 35] . These findings were very similar to the participants that were assessed in this study who were educated to a university degree (postgrad) had average serums of 25.8 nmol/L compared to 27.2 nmol/L of those without university degree. However, this was not significantly different (p=0.757).
In the present study, time of gestation did not affect serum 25(OH)D concentration. However, an Australian study, including 466 pregnant women, showed that 25(OH)D concentrations tend to gradually decrease from the 1st trimester (75.25+19.5 nmol/L) to the 3rd trimester (44.64+22.25 nmol/L) (p<0.0001) [36, 37] . Women who started the study (1st trimester) in autumn/winter had lower serum results (52.75+13 nmol/L) compared to those who started the study in the spring/summer (72.25+7 nmol/L) [35] . In the 3rd trimester of pregnancy, serum 25(OH)D results dropped further, to 42.5+25 nmol/L (p<0.0001) of those who began their pregnancy in the autumn/ winter months [36] .
No epidemiological study to date has investigated the 25(OH)D serums of pregnant women within the UAE during the course of a pregnancy.
Age was not significantly associate with 25(OH)D serum concentrations. The literature states that 25(OH)D of low concentrations are more prevalent in older women; however, this trend was not seen in this study as 69% of the study population was of deficient status and the average age was 28 (± 5.5) years.
In the studied population 92% (n=1000) had serum results <50 nmol/L. According to the National Institute of Health [37] . Individuals whose serum 25(OH)D were between 25-50 mol/L were at mild risk go hypovitaminosis, those whose were found to be between 12 and 25 nmol/l are at a moderate risk and those with less than 12 nmol/l are at a severe risk of hypovitaminosis D. In the current population 32.6%, 45.9% and 13.5% are at risk of mild, moderate and severe risk of hypovitaminosis D, respectively. Hypovitaminosis is associated with insulin resistance and beta cell dysfunction [38] . Maternal 25(OH)D serums lower than <40 nmol/L have shown to be associated with low birth-weight and short stature [39] . It is possible that blood serum concentrations of 25(OH)D below 40 nmol/L are associated with poor pregnancy outcomes [40] .
The main strength of the current study was the big sample size involved 1088 women from various backgrounds and ages. Another strength is that the 25(OH)D concentrations were measured using liquid chromatography tandem mass spectrometry (LC-MS/MS) and competitive protein binding assay, which is the gold standard for measuring 25(OH)D [40] and the data was not cross sectioned in order not to infer causality. However, there were some limitations to this study. Due to the time and resource limitations, only 26.6% of participants were followed up with a demographic questionnaire.
Another limitation is that no height and weight was recorded from the participants, so BMI could not be calculated, this would have been advantageous to the study as there is evidence to suggest people with higher BMIs have lower vitamin D status [41] . Furthermore, participants could have introduced bias into their responses due to answering the questions on what they expected the interviewer to hear instead of answering truthfully [42] . There is data available on the dietary intake on Emirati women which will be used in future research and lay the foundations to future interventions with the aim to raise 25(OH)D concentrations.
To conclude, the prevalence of vitamin D deficiency in UAE is very high (69%) and average maternal serums was 27.1 nmol/L (5% CI: 25.5-38.9). The only factor that explained part of the variation in 25(OH)D concentration in this study was if the participant understood the importance of vitamin D (p<0.05). The findings from crosssectional study conducted in apparently healthy women from a sunny area highlight the importance of vitamin D sufficiency during pregnancy. Intervention strategies including supplementation, fortification and dietary diversity must be implemented to prevent the problem from escalating, targeting those who are vulnerable first and then exposed to a wider population.
